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METHODS AND HIGH DENSITY VISCOUS SALT WATER 
FLUIDS FOR TREATING SUBTERRANEAN ZONES 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to methods of treating subterranean zones using high 

density viscous salt water treating fluids. 

2. DESCRIPTION OF THE PRIOR ART 

[0002] High density viscous salt water treating fluids are often used in operations and 

treatments conducted in oil and gas wells. Such operations and treatments include, but 
are not limited to, well completion operations and production stimulation treatments. 

[0003] An example of a well completion operation in which a high density viscous salt 

water treating fluid is often used is gravel packing. In gravel packing operations, 
particulate material referred to in the art as gravel, is carried to a subterranean zone in 
which a gravel pack is to be placed by a viscous treating fluid. That is, particulate 
material such as sand is suspended in the viscous treating fluid at the surface and carried 
to the subterranean zone in which a gravel pack is to be placed. Once the particulate 
material utilized is placed in the zone, the viscous treating fluid breaks into a low 
viscosity fluid. The gravel pack produced fiinctions as a filter to separate formation 
soUds from produced fluids while permitting the produced fluids to flow into and 
through the well bore. 
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[0004] An example of a production stimulation treatment in which a high density viscous 

salt water treating fluid can be used is hydraulic fracturing. That is, a viscous treating 
fluid referred to in the art as a fracturing fluid, is pumped through the well bore into a 
subterranean zone to be stimulated at a rate and pressure such that fractures are formed 
and extended in the subterranean zone. At least a portion of the fracturing fluid carries 
particulate material such as sand, referred to in the art as proppant, into the formed 
fractures. The proppant is suspended in the viscous aqueous fracturing fluid so that the 
proppant is deposited in the fractures when the pumping stops and the fractures close 
onto the proppant. The proppant fiinctions to prevent the formed fractures from 
completely closing whereby conductive channels are formed through which produced 
fluids can flow to the well bore. 

[0005] In the completion or stimulation of oil and gas wells and particularly in off shore 

wells having relatively low temperatures, i.e., temperatures in the range of from about 
SOT to about 140°F, high density viscous salt water treating fluids having densities in 
the range of from about 9 lbs/gal to about 15 lbs/gal are often required for well control 
purposes. In addition, the viscous salt water treating fluid must maintain viscosity for at 
least about two to three hours and must be completely broken in a few days. Because of 
the low temperatures and the high salt concentrations in the high density viscous salt 
water treating fluids utilized heretofore, the oxidizing viscosity breakers utilized have 
often failed to completely break the salt water treating fluid viscosities in the required 
times. Thus, there are continuing needs for improved high density viscous salt water 
treating fluids that break, i.e., are reduced to low viscosity fluids, in relatively short 
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periods of time at low temperatures. The time required, either a matter of hours or days, 
will depend on the treatment design. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides improved methods of treating subterranean zones 

and high density viscous salt water treating fluids that meet the needs described above 
and overcome the deficiencies of the prior art. In accordance with the present invention, 
improved methods of treating subterranean zones using high density viscous salt water 
treating fluids are provided that maintain sufficient viscosity for a period of time, but 
eventually break in the time required by the treatment design. 

[0007] The methods of the present invention for treating a subterranean zone penetrated 

by a well bore comprise the following steps. A high density viscous salt water treating 
fluid having a density in the range of from about 9 lbs/gal to about 15 lbs/gal is prepared 
or provided comprising saU water, a gelling agent and a delayed oxidizing gel breaker. 
The salt water comprises water and one or more oxidation resistant salts. The viscous 
salt water treating fluid is introduced into the subterranean zone and allowed to break 
into a low viscosity fluid. 

[0008] Examples of the one or more oxidation resistant salts that can be utilized in 

accordance with this invention include, but are not limited to, calcium, potassium, 
cesiimi or sodium acetate; potassium, cesium or sodium citrate; potassium, cesium or 
sodium nitrate; and potassium, cesium or sodium formate. 

[0009] A high density viscous salt water treating fluid of this invention for treating 

subterranean zones having a density in the range of from about 9 lbs/gal to about 15 
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lbs/gal comprises salt water, a gelling agent and a delayed oxidizing gel breaker. The 
salt water comprises water and one or more oxidation resistant salts selected from the 
group set forth above. 

[0010] The objects, features and advantages of the present invention will be readily 

apparent to those skilled in the art upon a reading of the description of preferred 
embodiments which follows. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0011] The present invention provides methods of treating subterranean zones penetrated 

by well bores utilizing high density viscous saU water treating fluids having densities in 
the range of from about 9 lbs/gal to about 15 lbs/gal. The methods and treating fluids 
are particularly useftil for treating subterranean zones having temperatures in the range 
of from about SOT to about MOT. High density salt water treating fluids have 
heretofore been utilized for carrying out gravel packing or fracturing treatments in 
subterranean zones penetrated by well bores. However, when a high density viscous salt 
water treating fluid having a density in the range of from about 9 lbs/gal to about 15 
lbs/gal is utihzed, the viscous salt water treating fluid has been difficult to break using 
delayed oxidizing gel breakers in a relatively short period of time after the required 
delay period, e.g., a time period less than three days. It has now been discovered that the 
salts utilized heretofore have been oxidized by the oxidizing gel breaker along with the 
gelling agent in the high density viscous salt water treating fluid whereby the viscosity 
of the treating fluid is only partially reduced in a time period of about three days. 
Examples of the one or more salts heretofore used include calcium, potassium or sodium 
chloride, bromide, and the like. In accordance with the present invention, the salts 
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utilized to form the high density salt water are oxidation resistant salts. Examples of 
such salts include, but are not limited to, calcium, potassium, cesium or sodium acetate; 
potassium, cesium or sodium citrate; potassium, cesium or sodium nitrate; and 
potassium, cesium or sodium formate. The presence of one or more oxidization resistant 
salts in the salt water of the high density viscous salt water treating fluids of this 
invention allows the oxidizing gel breakers used to completely break the treating fluids 
in less than about three days. 

[0012] A method of the present invention for treating a subterranean zone penetrated by a 

well bore comprises the following steps. A high density viscous salt water treating fluid 
having a density in the range of from about 9 lbs/gal to about 15 lbs/gal is prepared or 
provided. The treating fluid comprises salt water, a gelling agent and a delayed 
oxidizing gel breaker. The salt water comprises water and one or more oxidation 
resistant salts. The viscous salt water treating fluid is introduced into the subterranean 
zone and allowed to break into a low viscosity fluid. 

[0013] A high density viscous salt water treating fluid of this invention having a density 

in the range of from about 9 lbs/gal to about 15 lbs/gal comprises salt water, a gelling 
agent and a delayed oxidizing gel breaker. The salt water comprises water and one or 
more oxidation resistant salts. 

[0014] The one or more oxidation resistant salts included in the salt water treating fluid 

of this invention allow the delayed oxidizing gel breaker to reduce the viscous treating 
fluid to a low viscosity fluid without being partially consumed by reaction with the salts 
in the salt water. This in tum allows the viscous treating fluid to break within a 
relatively short period of time, i.e., in less than one day or at- most in less than about 
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three days. Of the various oxidation resistant salts that can be utilized, sodium nitrate is 
generally preferred. 

[0015] The gelling agent in the high viscosity viscous salt water treating fluid of this 

invention functions to increase the viscosity of the fluid. Examples of gelling agents that 
can be used include, but are not limited to, guar gum and its derivatives, cellulose 
derivatives, welan gum, xanthan biopolymer, and succinoglycon biopolymer. Of these, 
xanthan biopolymer is preferred. The gelling agent is generally present in the treating 
fluid in an amount in the range of from about 0.05% to about 2% by weight of the salt 
water therein, more preferably in an amount of about 0.5%. 

[0016] A variety of delayed oxidizing gel breakers can be utilized in accordance with the 

present invention. Examples of particularly suitable delayed oxidizing gel breakers 
include, but are not limited to, potassium, ammonium or sodium persulfate; potassium, 
ammonium or sodium perborate; potassium, ammonium or sodium bromate; potassium, 
ammonium or sodium periodate; potassium, ammonium or sodium chlorate; and 
potassium, ammoniimi or sodium chlorite. Of these, sodium persulfate is preferred. The 
delayed oxidizing gel breaker is utilized in the treating fluid in an amount in the range of 
from about 0.1% to about 5% by weight of the salt water therein, more preferably in an 
amount of about 2%. 

[0017] If the viscosity of the treating fluid containing a gelling agent as described above 

is not sufficient, a cross-linking agent for the gelling agent can be added to the treating 
fluid to increase its viscosity. Examples of cross-linking agents that can be utilized 
include, but are not limited to, borate releasing compounds, a source of titanium ions, a 
source of zirconium ions, a source of antimony ions, and a source of aluminum ions. Of 
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these, a borate releasing compound is preferred. When used, the cross-hnking agent is 
included in the treating fluid in an amount in the range of from about 0.025% to about 
1% by weight of salt water therein, more preferably in an amount of about 0.05%. 

[0018] A method of this invention for treating a subterranean zone penetrated by a well 

bore whereby a gravel pack is formed therein by placing particulate gravel material in 
the well bore adjacent to the subterranean zone is comprised of the following steps. A 
high density viscous salt water carrier fluid having a density in the range of from about 9 
lbs/gal to about 15 lbs/gal is prepared or provided. The carrier fluid comprises salt 
water, xanthan biopolymer gelling agent, a delayed oxidizing gel breaker and suspended 
particulate gravel material. The salt water comprises water and one or more oxidation 
resistant salts such as calcium, potassium, cesium or sodium acetate; potassium, cesium 
or sodium citrate; potassium, cesium or sodium nitrate; and calcium, potassium, cesium 
or sodium formate. The carrier fluid is introduced into the subterranean zone and 
allowed to break into a low viscosity fluid whereby the particulate gravel material is 
deposited in the subterranean zone and/or for the purpose of removing the treating fluid. 

[0019] The oxidation resistant salt in the carrier fluid is preferably sodium nitrate. The 

xanthan gelling agent is present in the treating fluid in an amount in the range of from 
about 0.05% to about 2% by weight of the salt water therein. The oxidizing gel breaker 
is preferably sodium persulfate. The oxidizing gel breaker is present in the treating fluid 
in an amount in the range of from about 0.01% to about 5% by weight of the salt water 
therein. 

[0020] A method of this invention for treating a subterranean zone penetrated by a well 

bore by fracturing the zone and depositing particulate proppant material in the fractures 
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formed is comprised of the following steps. A high density viscous salt water fracturing 
fluid having a density in the range of from about 9 lbs/gal to about 15 lbs/gal is prepared 
or provided. The fracturing fluid comprises salt water, xanthan biopolymer gelling 
agent, a delayed oxidizing gel breaker and suspended particulate proppant material. The 
salt water comprises water and one or more oxidation resistant salts such as calcixmi, 
potassium, cesium or sodium acetate; potassium, cesiimi or sodium citrate; potassium, 
cesium or sodium nitrate; and calcium, potassium, cesium or sodium formate. The 
viscous salt water fracturing fluid is introduced into the subterranean zone at a rate and 
pressure sufficient to fracture the subterranean zone and the viscous salt water fracturing 
fluid is allowed to break into a low viscosity fluid. 

[0021] The oxidation resistant salt in the fracturing fluid is preferably sodium nitrate. 

The xanthan gelling agent is present in the treating fluid in an amount in the range of 
from about 0.05% to about 2% by weight of the salt water therein. The delayed 
oxidizing gel breaker is preferably sodixmi persulfate. The delayed oxidizing gel breaker 
is present in the treating fluid in an amount in the range of from about 0.01% to about 
5% by weight of the salt water therein. 

[0022] A preferred method for treating a subterranean zone penetrated by a well bore 

comprises the steps of: (a) preparing or providing a high density viscous salt water 
treating fluid having a density in the range of from about 9 lbs/gal to about 15 lbs/gal 
that comprises salt water, a gelling agent and a delayed oxidizing gel breaker, the salt 
water comprising water and one or more oxidation resistant salts; (b) introducing the 
high density viscous salt water treating fluid into the subterranean zone; and (c) allowing 
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the high density viscous cross-linked salt water treating fluid to break into a low 
viscosity fluid. 

[0023] A preferred method of treating a subterranean zone penetrated by a well bore by 

placing particulate gravel material therein comprises the steps of: (a) preparing or 
providing a high density viscous salt water carrier fluid having a density in the range of 
from about 9 lbs/gal to about 15 lbs/gal that comprises salt water, xanthan biopolymer 
gelling agent, a delayed oxidizing gel breaker and suspended particulate gravel material, 
the salt water comprising water and one or more oxidation resistant salts; (b) introducing 
the high density viscous salt water carrier fluid into the subterranean zone; and (c) 
allowing the high density viscous salt water carrier fluid to break into a low viscosity 
fluid whereby the particulate gravel material is deposited in the subterranean zone. 

[0024] A preferred method of treating a subterranean zone penetrated by a well bore by 

fracturing the zone and depositing particulate proppant material in the fractures formed 
comprises the steps of: (a) preparing or providing a high density viscous salt water 
fracturing fluid having a density in the range of from about 9 lbs/gal to about 15 lbs/gal 
that comprises salt water, xanthan biopolymer gelling agent, a delayed oxidizing gel 
breaker and suspended particulate proppant material, the salt water comprising water and 
one or more oxidation resistant salts; (b) introducing the high density viscous salt water 
fracturing fluid into the subterranean zone at a rate and pressure sufficient to fracture the 
subterranean zone; and (c) allowing the high density viscous salt water fracturing fluid to 
break into a low viscosity fluid. 

[0025] A preferred viscous salt water treating fluid for treating subterranean zones 

having a density in the range of from about 9 lbs/gal to about 15 lbs/gal that comprises: 
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salt water comprising water and one or more oxidation resistant salts; a gelling agent; 
and a delayed oxidizing breaker. 
[0026] In order to further illustrate the methods and aqueous treating fluids of the present 

invention, the following examples are given. 

EXAMPLE 1 

[0027] A mixture of 200 lbs/1000 gal of sodium persulfate oxidizing gel breaker and 100 

lbs/1000 gal of reducing sugar activator was added to an 8.7 lbs/gal potassium chloride 
salt solution containing xanthan gelling agent in an amount of 60 lbs/ 1000 gal. The 
sodium persulfate oxidizing gel breaker reduced the viscosity of the salt solution to 
about 47 centipoises in one hour and to about 12.5 centipoises in two days. 

[0028] When the same amounts of the same sodium persulfate gel breaker and reducing 

sugar activator were added to a 9.7 lbs/gal potassium chloride and sodium bromide salt 
solution containing the same amount of xanthan gelling agent and having the same 
viscosity, the viscosity of the salt solution was only reduced to 53 centipoises in one 
hour and 33 centipoises in three days. Thus, it became clear that the gel breaker was 
oxidizing the salts as well as the gelling agent. 

EXAMPLE 2 

[0029] A mixture of 200 lbs/1000 gal of sodium persulfate oxidizing gel breaker and 100 

lbs/1000 gal of reducing sugar activator was added to a 9.7 lbs/gal sodium nitrate salt 
solution containing xanthan gelling agent in an amount of 60 lbs/1000 gal. The sodium 
persulfate oxidizing gel breaker reduced the viscosity of the salt solution to 24 
centipoises in one day and to 4 centipoises in three days. 
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[0030] Thus, the oxidation resistant salts utilized in accordance with this invention allow 

the oxidizing gel breaker to more rapidly oxidize the gelling agent utilized and reduce 
the viscosity of the salt solution. 

[0031] The present invention is well adapted to carry out the objects and attain the ends 

and advantages mentioned as well as those which are inherent therein. While numerous 
changes can be made by those skilled in the art, such changes are encompassed within 
the spirit of this invention as defined by the appended claims. 

[0032] What is claimed is: 
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